A 25-yr-old patient was referred for anaesthesia consultation during her first trimester of pregnancy. She was Gravida 2, Para 0 with chronic low back pain and mixed headaches of the migraine and tension-type. When she developed numbness in the left arm and left leg following a motor vehicle accident in 1987, she was assessed by a neurosurgeon and a neurologist for her symptoms. Radiological investigations included sagittal T~ weighted, axial proton density, and T2 weighted images of the brain and cervical spine. Sagittal T~ weighted and axial T~ weighted, post-gadolinium enhanced images of the cervical spine and axial gradient echo images of the cervical spine were also performed. There was an inhomogeneous lesion centred at the third cervical spinal cord level. The lesion consisted of areas of signal void consistent with areas of haemosiderin deposition as well as flow voids. There was focal expansion of the spinal cord at the C 3 level. Arteriovenous malformation of the cervical spinal cord was diagnosed. The haemosiderin deposition may have resulted either from previous haemorrhage or just diapedesis of red cells. A few flow voids were noted in the subarachnoid space along the dorsal surface of the spinal cord from the foramen magnum down to the C 3 level most consistent with feeding vessels. There was no evidence of demyelination to suggest multiple sclerosis. The aetiology of the numbness in her arm and leg was uncertain. Angiography for further evaluation was considered but was declined by the patient. The sagittal T~, proton density and T2 sequences were repeated seven months later. The arteriovenous malformation was again identified at C3 and there was no interval change nor evidence of haemorrhage. The radiologist commented that the lumbar and thoracic spine appeared entirely normal.
Arteriovenous malformations (AVM) of the spinal cord are rare. 1 There is little information on the anaesthetic management for parturients with spinal cord AVM. A retrospective review of 451 patients with intracranial AVM indicated that the risk of intracranial haemorrhage (ICH) did not increase with pregnancy. 2 We were concerned about theanaesthetic management of this patient because a review of case reports showed that patients with angiomatous ICH had high maternal and fetal mortalities. 3 Intracranial aneurysms or AVM with ICH may be responsible for 5-12% of all maternal deaths. Based on the information available about AVM in the brain, hypertension or increased venous pressure may cause haemorrhage while hypotension may cause tissue ischaemia. There is no information on which anaesthetic technique is best for Caesarean section in patients with spinal cord AVM. Theoretically, hypertension, increased intrathoracic pressure and increased venous pressure could occur on emergence from general anaesthesia. These changes may increase the risk of haemorrhage. Increased epidural pressure may occur with epidural anaesthesia and hypotension could occur with regional anaesthesia. Hypotension and increased epidur-CAN J ANAESTH 1996 / 43:10 /pp 1052-8 al pressure may compromise spinal cord perfusion and lead to tissue ischaemia. After considering the pros and cons of the different anaesthetic techniques, we elected to administer spinal anaesthesia .for this patient with a known spinal cord AVM at the third cervical level, having a Caesarean delivery.
Case report
A 25-yr-old patient was referred for anaesthesia consultation during her first trimester of pregnancy. She was Gravida 2, Para 0 with chronic low back pain and mixed headaches of the migraine and tension-type. When she developed numbness in the left arm and left leg following a motor vehicle accident in 1987, she was assessed by a neurosurgeon and a neurologist for her symptoms. Radiological investigations included sagittal T~ weighted, axial proton density, and T2 weighted images of the brain and cervical spine. Sagittal T~ weighted and axial T~ weighted, post-gadolinium enhanced images of the cervical spine and axial gradient echo images of the cervical spine were also performed. There was an inhomogeneous lesion centred at the third cervical spinal cord level. The lesion consisted of areas of signal void consistent with areas of haemosiderin deposition as well as flow voids. There was focal expansion of the spinal cord at the C 3 level. Arteriovenous malformation of the cervical spinal cord was diagnosed. The haemosiderin deposition may have resulted either from previous haemorrhage or just diapedesis of red cells. A few flow voids were noted in the subarachnoid space along the dorsal surface of the spinal cord from the foramen magnum down to the C 3 level most consistent with feeding vessels. There was no evidence of demyelination to suggest multiple sclerosis. The aetiology of the numbness in her arm and leg was uncertain. Angiography for further evaluation was considered but was declined by the patient. The sagittal T~, proton density and T2 sequences were repeated seven months later. The arteriovenous malformation was again identified at C3 and there was no interval change nor evidence of haemorrhage. The radiologist commented that the lumbar and thoracic spine appeared entirely normal.
The patient was assessed at the Preanaesthesia Clinic and the options for analgesia and anaesthesia were discussed. We consulted widely with our obstetric anaesthesia, neuroanaesthesia, and neurosurgical colleagues for advice about the management of this case.
After reviewing the advice of our colleagues and following discussions with the patient and the obstetrician, a decision was made to deliver the infant electively by Caesarean section operation under spinal anaesthesia at 39 wk gestation. After an uneventful pregnancy, but one week before the date of the planned delivery, the patient presented to hospital in early labour. Her airway and physical examination were unremarkable. The fetal heart rate tracing on admission was assessed as normal by the obstetrician.
The patient was taken to the operating room and preparations for Caesarean section delivery were made. The ECG, blood pressure and oxygen saturation monitors were applied. The patient received an infusion of 1 L normal saline solution, and supplemental oxygen. With the patient in the right lateral position, a 25 g Whitacre needle was inserted through the third and fourth lumbar interspace and a solution consisting of hyperbaric 12 mg spinal bupivacaine, 12.5 lag fentanyl and 0.25 mg epidural morphine were injected intrathecally. Five minutes after the intrathecai injection, spinal anaesthesia extending to the fourth thoracic dermatome was established and surgery began. Systolic blood pressure ranged from 110 to 125 mmHg throughout the surgical procedure. A healthy female infant, with Apgar scores of 9 and 9 at one and five minutes, was delivered and the Caesarean section was completed without complication.
The patient complained of feeling nauseated in the Post-Anaesthesia Care Unit and the systolic blood pressure was between 110 and 115 mmHg. The symptoms were relieved after treatment with metoclopramide 10 mg iv followed by promethazine 12.5 mg iv 15 min later. The nausea was thought to be related to the intrathecal morphine.
The patient recovered from the spinal anaesthesia and the operative delivery without any sequelae and was discharged home after five days. She was seen six weeks later by the obstetrician. There was no delayed complication.
Discussion
Arteriovenous malformations (AVM) encompass many types of vascular abnormalities. 1 The AVMs differ in their arterial supplies and their venous drainages. The most common variety is a dural arteriovenous fistula (AVF). Patients with dural AVFs are usually male with an average age of 46 yr. Common symptoms include pain or weakness in the lower extremities and sphincter dysfunction. These symptoms develop gradually and progress slowly. Dural AVF has a predilection for the lower thoracic and lumbar segments of the spine. In contrast, intradural AVMs usually occur in younger patients and may be associated with other vascular anomalies such as additional AVM of the central nervous system and intracranial aneurysms. These patients often have an acute onset of symptoms after subarachnoid haemorrhage. The radiological investigations in our patient suggested that an AVM was present at the third cervical level of the spinal cord. Although angiographic studies were discussed with the patient, the studies were not performed. Without those, we cannot be certain about the type of AVM.
Review of the literature showed that neurological deficits have been associated with surgical procedures performed under spinal and epidural anaesthesia in patients with spinal cord AVM. Hirsch et al. 4 reported a 41-yr-old woman who developed progressive numbness and weakness of both legs four weeks after induced labour, epidural analgesia and spontaneous vaginal delivery. Ten minutes after administration of 8 ml bupivacaine 0.5% to establish epidural analgesia, the patient complained of a dull pain in her neck and left ann that persisted for several hours. The patient did not have any symptoms when she was discharged from hospital seven days later. After hospital discharge, the pain in her arm and neck recurred intermittently. By the time the patient was readmitted to hospital five weeks after discharge, she was unable to walk and had urinary retention. Angiography showed a large dural AVM. Despite successful surgery that clipped the feeding vessel of the AVM, paraplegia persisted.
Temporary paraplegia developed in a 72-yr-old man after spinal anaesthesia for transurethral resection of prostate to relieve urinary frequency. 5 Preoperative investigations showed that the patient had a mild peripheral neuropathy by electromyography. In the postoperative period, the patient had hypotension treated with mephentermine and hyponatremia treated by 100 ml sodium chloride 5% solution. Eight hours after the block, the patient was found to have no motor function and no pain or temperature sensation below the level of the umbilicus. Proprioception and light touch sensation were intact. A myelogram showed a spinal cord AVM extending from T 8 to T~2. The neurological function recovered gradually. The patient was discharged on the sixth postoperative day with neurological function unchanged from hispreoperative level. The authors suggested that the neurological changes may have been related to postoperative hypotension, shunting of spinal cord blood flow through the AVM and diminished collateral blood supply to the spinal cord.
A 63-yr-old man had loss of motor and sensory function in the legs after a bilateral inguinal hemiorrhaphy and prostatectomy under epidural anaesthesia. 6 Subsequent investigations showed a dural AVF at the T 8 level. The fistula was embolized and neurological function improved. The authors felt that the veins which drained the AVF were grossly dilated and behaved like a space-occupying structure. With the intra-operative hypotension and use of vasoconstrictors, spinal cord ischaemia occurred.
Flaccid paraparesis, complete urinary retention and painful bilateral hypaesthesia below L 1 were reported in a 51-yr-old man after suprapubic cystotomy and transurethral prostatic resection following a single shot epidural anaesthetic. 7 Angiography showed a dural AVF at the T~o level. There was incomplete neurological recovery after the fistula was embolized.
Although these patients developed symptoms after vaginal delivery or surgical procedures under epidural or spinal anaesthesia, there was no clear evidence that the anaesthetic procedures were directly responsible. Patients with spinal AVM can develop symptoms gradually or acutely without any anaesthetic involvement. 2 Two of the patients had a gradual and delayed onset of paralysis many days after the anaesthetic had worn off. 4,7 The case reports suggested that hypotension, in the presence of dilated veins and possibly altered spinal cord flow may lead to spinal cord ischaemia. Other theories regarding aetiologies for neurological deficits have also been proposed.
We were unable to find any reports of a series of parturients with spinal cord AVM to guide us in the management of our patient. A retrospective analysis of 451 women with AVM of the brain showed that pregnancy was not a risk factor for haemorrhage in women without previous haemorrhage. 2 Based on a review of two of their own patients and 152 reports in the English literature from 1947 to 1988, Dias et al. found that intracranial AVM caused 23% of intracranial haemorrhage (ICH) from aneurysms and AVMs during pregnancy and the puerperium. 3 For the patients with angiomatous ICH, the maternal mortality was 28% and the fetal mortality was 14%. The poor outcomes were probably related to the poor neurological state of the patients after ICH. Fifty-seven percent of the patients were stuporous or comatose at the time of presentation.
We consulted with obstetric anaesthesia, neuroanaes.-thesia and neurosurgical colleagues. The result was divergent advice about general anaesthesia, spinal and epidural anaesthesia based on personal opinion rather than experience or documented clinical information. The consensus of the neurologists and neurosurgeons at our hospital was that "it is imperative, that her intraabdominal and intrathoracic pressures, be maintained as low as possible."
After discussions with our colleagues and the patient, it was unanimously decided to perform Caesarean delivery under spinal anaesthesia. There is no evidence that Caesarean section is better than vaginal delivery, but this choice avoids prolonged labour and Valsalva manoeuvres at delivery with attendant increases in intrathoracic and epidural venous pressures. We avoided epidural anaesthesia because we were concerned about an increase in pressure in the epidural space that occurs with epidural injection. 8 We could not be certain that high epidural space pressure would not occur even if we used slow incremental injections. An increase in epidural space pressure may increase venous pressure, produce tissue oedema and lead to decreased spinal cord perfusion. Inadvertent dural puncture with an epidural needle could pose additional problems. Although general anaesthesia can provide good haemodynamic stability, airway manipulation may lead to coughing and bucking with attendant increases in intrathoracic and venous pressures. Use of opioids or local anaesthesia to reduce airway sensation may increase the risk of pulmonary aspiration. After considering the pros and cons of the different anaesthetic techniques that we could have used, we chose spinal anaesthesia. We were not convinced by the case reports that spinal anaesthesia at a distance from the cervical area would lead to severe neurological deficits. The radiological studies for our patient revealed no evidence of vascular anomalies in the thoracic or lumbar regions of the spine.
The safe outcome of spinal anaesthesia for our patient is encouraging, although some may consider this to be fortuitous. More experience will be needed. This case shows that spinal cord AVM at the cervical region is not an absolute contraindication to spinal anaesthesia.
COMMENTARY

Pat Morley-Forster MD FRCPC
Department of Anaesthesia, University of Western Ontario, London, Ontario
There are several case reports of neurological deficits following regional anaesthesia in patients with previously unrecognized spinal cord arteriovenous malformations (AVM). 4-6 This is the first report of a successful outcome after spinal anaesthesia in a known AVM. Although the authors of the current report were aware of these, they were "not convinced that spinal anaesthesia at a distance from the cervical area would lead to significant neurological deficit." Discussion in this forum will allow the anaesthetic community to decide whether more experience with spinal anaesthesia in this situation is needed, as the authors suggest, or less experience as I contend.
In many centres, spinal anaesthesia for Caesarean section has become the technique of choice. Recently, in another Obstetric Forum, the commentator rhetorically asked "Do contraindications to regional anaesthesia in obstetrics still exist? ''9 Contraindications that were once sacrosanct, such as mini-dose heparin and herniated disc, have been set aside on the basis that the benefits of regional anaesthesia exceed the risk. The extremely low incidence of neurological complications after regional anaesthesia in the obstetric population seems to justify this philosophy. I~ But, when a serious neurological complication occurs, the result is devastating for the patient, family and anaesthetist. Despite the successful outcome in this case, I will not remove cervical spinal cord AVM from my list of contraindications to regional anaesthesia.
Spinal cord AVMs represent between 3-12% of spinal cord tumours and are classified as intradural, extradural or vertebral. 9 As the authors state, the exact type of AVM in this patient cannot be determined without angiography. The basic vascular lesion common to all of them is an arteriovenous fistula. The shunt increases intravascular pressure within the coronal and epidural venous plexi draining the spinal cord. Venous hypertension is the most important factor in the production of neurological deficit with sustained elevation in venous pressure causing oedema of the surrounding spinal cord tissue. If this compromises arterial inflow, permanent ischaemic damage may occur. Neurologic.al deficits may be precipitated by exercise, systemic infection, trauma and pregnancy. 9 As opposed to cerebral AVMS, rupture of a dural AVM is rare and not due usually to arterial hypertension. I~ When this patient presented to the Preanaesthesia clinic the authors had to decide which method of delivery and anaesthesia would cause the least risk to her spinal cord blood flow. Appropriately, the authors consuited with neuroanaesthesia and neurosurgical colleagues who stressed "that her intraabdominal and intrathoracic pressure be maintained as low as possible." For medicolegal reasons, in such a controversial case, their opinion should have been documented carefully in the chart.
The decision to undertake an elective Caesarean section was relatively straight forward as second stage pushing can produce prolonged increases in venous pressure. Most obstetricians would not recommend allowing a woman with a known spinal AVM to labour, despite the lack of evidence of safer outcomes with Caesarean section.
The choice of method of anaesthesia is more complicated and the risks of each technique must be balanced. As the authors relate, the advice from various anaesthetic colleagues was divergent and based on personal opinion rather than documented clinical information.
General anaesthesia was avoided based on the concern that coughing on the endotracheal tube at emergence would elevate venous pressure. However, it is dif-ficult to imagine that this transient increase would create spinal cord oedema. Such a brief elevation would be no greater than that which occurs with normal coughing or sneezing.
Other potential arguments against general anaesthesia for Caesarean section are well known. These include the risk of difficult intubation, hypoxaemia on induction, aspiration and the mother's desire to remember the birth. The patient's weight is not stated but her airway and physical examination are "unremarkable." The time of her last meal, when she presented in early labour, is not mentioned but certainly would have a bearing on calculating the risk of general anaesthesia. What is the risk of a failed intubation if a parturient's airway appears normal? The reported incidence varies widely and is highly dependent on the anaesthetist's experience. Davies suggests a composite incidence of about 1:50012 while Cormack and Lehane suggest 1:2000. 13 Epidural anaesthesia was wisely excluded as an option. The inherent dangers of an increase in epidural venous pressure and the potential for inadvertent dural puncture are well described in this report.
I have four major concerns with spinal anaesthesia in this patient. The first is the potential, albeit unlikely, for direct needle trauma to a dilated epidural vein. The presence of an AVM at a cervical site may cause abnormalities in spinal cord venous drainage at a distance from the identifiable malformation. In a review of dural AVMs of the spine, Symon pointed out that the high pressure vein draining the shunt may cause distension of the coronal plexus throughout the length of the cord.l~ The lumbar and thoracic spine appeared entirely normal on MRI but only angiography could provide absolute proof that there was no other spinal cord venous abnormality. The patient refused angiography.
My second concern is the risk of precipitous hypotension during the onset of sympathetic blockade in the parturient. The incidence is difficult to quantitate since it depends on volume loading and level of block but it is reported to be as high as 50--60%. ~4 There are several theories as to why patients with spinal cord AVMs may be at greater risk of spinal cord ischaemia with hypotension. The arterial-venous pressure difference in the region of the AVM is already reduced by an elevated venous pressure and systemic hypotension may decrease the perfusion gradient below a critical level. H Another author suggests that vasodilatation below the block could produce vascular "steal" from regions of the cord vulnerable to ischaemia. 5 In the presence of an AVM, the spinal cord may be more vulnerable to hypotension since the shunt may diminish collateral reserve in other areas of the cord.
The third issue is the direct effect of the local anaesthetic on spinal cord blood flow. Kozody et aL used radioactive microspheres to measure spinal cord blood flow following intrathecal injection of bupivacaine 0.4% into non-pregnant dogs. 15 They found a decrease in cord blood flow, greater than the decrease in cardiac output and postulated a direct effect of bupivacaine on spinal vessels.
My final reservation about the advisability of a regional technique is a medicolegal one. Should neurological symptoms arise in the postpartum period, suspicion would naturally fall on the spinal anaesthetic. Although it would be impossible to prove a direct causal relationship, there would be no shortage of lawyers willing to try.
If the scenario were changed to one of a difficult airway, malignant hyperthennia or other relative contraindication to general anaesthesia then I would agree that the risk-benefit ratio supported the use of a spinal technique. But, in the patient presented, the transient increase in thoracic venous pressure from coughing at emergence was not a compelling reason to avoid general anaesthesia. Moreover, the evidence on theoretical grounds as well as from anecdotal case reports suggests that spinal anaesthesia should be avoided in spinal cord AVM.
COMMENTARY Saul Pytka MD FRCPC
Department of Anaesthesia, Dalhousie University, Halifax, Nova Scotia
It is reported that three to five per cent of the general population have cerebrovascular disease represented by an aneurysm or arteriovenous malformation (AVM). Furthermore, this spectrum of pathology represents the 1 eading cause of non-obstetric mortality in the parturient. Realizing the high incidence of cerebrovascular disease it is quite obvious that many anaesthetics, both for obstetric and nonobstetric procedures, are provided to individuals with aneurysms and AVMs where the pathology is not known.
The anaesthetic management of patients, pregnant and non-pregnant, for the surgical treatment of cerebrovascular disease has been well described. Less clear, is the anaesthetic management of patients with known cerebrovascular pathology undergoing elective, nonneurosurgical procedures. It is assumed that the principles governing the neurosurgical period should apply. As spinal cord AVMs represent a very small fraction of vascular pathology of the central nervous system (CNS), it is not surprising that no literature exists which specifically reviews the anaesthetic management for non-neurosurgical procedures, let alone obstetrical surgical delivery. When pathology involving the spinal or cerebral circulation is known to be present the principles governing anaesthesia for cerebral protection during neurosurgery are all on which one can base the anaesthetic management. Additionally, one has to consider the issues of foetal protection and the physiologic changes of pregnancy.
Ong et al. report a case of a parturient with a previously documented AVM of the spinal cord who underwent elective Caesarean section under spinal anaesthesia. While few would argue that the anaesthetic of choice for surgical delivery is a regional technique, the addition of a vascular lesion of the central nervous system creates controversy as to the most appropriate method. They provide a good review of the limited literature available on regional anaesthesia in the presence of a spinal cord AVM. Although the cases described resulted in either transient or permanent neurological deficits the authors state that "there was no clear evidence that the anaesthetic procedures were directly responsible" and that "paralysis many days after the anaesthetics had worn off" were more likely due to hypotension or other "(proposed) theories" than the neuraxial anaesthetic. The authors also argue against the administration of general anaes~esia on the basis that coughing and bucking with airway manipulation could cause increases in intrathoracic and venous pressures (leading to potential bleeding from the AVM), as well as increase the risk of aspiration.
Every medical intervention, anaesthetic or otherwise, involves weighing of the risks and benefits of the options available. Undoubtedly, all else being equal, regional anaesthesia confers many advantages to the parturient undergoing surgical delivery. However, what the authors failed to demonstrate were that the risks of general anaesthesia outweighed those of a spinal (subarachnoid) technique. In the presence of an "unremarkable airway and physical examination," with time to administer H 2 blockers and non-particulate antacids, the major concern was that the patient might "cough or buck" during the procedure. However, this patient would have coughed and performed a Valsalva manoeuvre in the past while straining at stool or lifting objects. It is difficult to imagine that these pressures would be any higher perioperatively. What of the increase in pressures which occur with vomiting during a regional anaesthetic, with or without concomitant hypotension?
The risk of hypotension causing ischaemia and paralysis described by the authors are likely to be greater with a spinal anaesthetic than with a general, as are the alterations in cord blood flow which could occur with the administration of a vasopressor used to treat hypotension. The authors state that the delayed onset of neurological symptoms in the reviewed reports were not likely due to the anaesthetic technique. However, there is no proof. One would not entertain the same conclusion in a patient who develops a post-dural puncture headache three or four days post-subarachnoid block. Because the mechanism of neurological injury is hypothesized to be something other than direct needle trauma to the lesion, it is unclear why they "are not convinced.., that spinal anaesthesia at a distance from the cervical area would lead to significant neurological deficit".
In our attempts to avoid the hazards and problems of general anaesthesia in the parturient, we must be vigilant not to create situations where the relative risks of general anaesthesia are outweighed by the risks of the alternative. Contraindications to neuraxial anaesthetic techniques vary in their degree of relativity. Although dural puncture is a method of diagnosing subarachnoid haemorrhage, it is recognized that the procedure may cause rebleeding. In this reviewer's opinion, the presence of spinal cord vascular anomalies would, in the absence of a greater body of knowledge to the contrary, constitute a strong reason to avoid spinal (epidural or subarachnoid) anaesthesia.
Although the authors had a good outcome in this case, one must ask what the conclusion would have been had the outcome not been so favourable.
